Zooplankton trade-offs to maximize fitness in highly dynamic environments such as estuaries have long been a question of central importance for understanding the ecology and evolution of estuarine populations. We present here the first comprehensive data set on the population dynamics of the copepod Eurytemmora affinis obtained from 50 h high-frequency sampling in the Seine estuary during spring. Maximum densities of E. affinis were associated with low salinities (0.5 -10) and recorded during the ebb in the bottom layer. Vertical variations in population structure were observed between ebb and flood, as well as the spatial distribution of developmental stages. Nauplii were concentrated in the low salinity zone just above salinity 5, and copepodids and adults distributed more widely relative to salinity than nauplii in bottom waters, whereas the opposite pattern was observed in surface waters. The sex-ratio and the proportion "ovigerous females:non-ovigerous females" appeared to be related to tidal cycle and depth, with higher relative densities of nonovigerous females in bottom waters and around low tide. The vertical variations noticed during the tidal cycle suggest a strategy by the species to avoid flushing by surface currents, although it may incur a cost due to the greater presence of predators in bottom waters.
I N T RO D U C T I O N
The trade-offs estuarine species face to maximize their fitness in highly dynamic environments are of central importance for understanding ecology and evolution in these populations, and their correct assessment is critical for production studies. In estuaries, temperature and salinity substantially affect the population dynamics of copepods over a wide range of temporal scales. For instance, temperature indirectly drives the annual succession of plankton communities and directly affects the development and reproductive rates of copepods (for a review see Mauchline, 1998) . In macrotidal estuaries, besides the temperature stress on estuarine populations, salinity fluctuates markedly at shorter time scales, and substantial changes in these factors may, therefore, affect the fitness of estuarine copepods and their production. Field investigations to assess population fitness are, however, difficult in such ecosystems because of the dynamic nature of the environment. This means that the development of synoptic sampling protocols to capture the variability of all developmental stages within ecologically pertinent scales is necessary.
Eurytemora affinis is one of the commonest euryhaline copepods in Northern Hemisphere estuaries, and is seasonally dominant in northern European estuaries. It is often the dominant species in zooplankton communities over a wide range of salinity between 0 and 18 (Roddie et al., 1984 and references therein; David et al., 2005) . Given its ubiquitous distribution in such environments, the species is an ideal candidate to investigate how estuarine copepods adapt to highly dynamic environments. Adaptation to short-term salinity variations and the underlying mechanisms allowing this species to counterbalance salinity stress have been shown in the Chesapeake Bay (Kimmel and Bradley, 2001) , although the optimal salinity may change geographically (i.e. Lee et al., 2003a; 2007) . Overall, empirical observations have shown that higher survival during the whole life cycle is related to brackish salinity ranges. This suggests that in estuaries, E. affinis has to deal with maintaining its population within a range of brackish salinities, and to avoid being flushed out by strong tidal currents that may reach more than 20 cm s 21 (Morgan et al., 1997) . Similar behavioural adaptations have been reported for other estuarine copepods such as Acartia spp. (Trinast, 1975; Wooldridge and Erasmus, 1980; Kimmerer and McKinnon, 1987) .
In the Seine estuary, E. affinis can reach up to 90-99% of the meso-zooplankton species abundance in the low salinity zone (LSZ) between salinity 0.5 and 15 (Mouny and Dauvin, 2002) . Unlike in other European estuaries, E. affinis dominates the zooplankton community during almost all the year in the LSZ (Mouny and Dauvin, 2002; David et al., 2005; Devreker, 2007) . High population growth of E. affinis is found at temperatures between 10 and 158C in spring. Most frequently, maximum densities are observed around 158C in May and June due to higher reproduction rates and shorter development times . However, the mechanisms responsible for the population decrease at high temperatures (.188C) are uncertain. In situ observations are consistent with experimental work showing optimal reproduction and higher developmental rate at 158C and at low salinities, 5-15 with higher recruitment at salinity 15 at 158C than at 108C (Devreker et al., 2004) . Although E. affinis can be found in the 1-15 salinity zone of the Seine estuary, the processes by which this species maintains itself have been little explored.
In this work, we provide the first comprehensive data set on the structure of the E. affinis spring population at the scale of the tidal cycle in the macrotidal Seine estuary. The aim is to identify underlying processes that allow the species to maintain the bulk of its population within favourable environmental conditions (i.e. the LSZ). The results are discussed in the framework of trade-offs for copepods in highly dynamic environments such as estuaries.
M E T H O D Sampling area
The Seine estuary, the largest in the English Channel, is macrotidal. The tidal range reaches 8 m and an asymmetrical wave reduces the duration of the flood and increases that of the ebb (Le Hir et al., 2001) (Fig. 1) where the gradient of salinity during the tidal cycle is maximal. The sampling strategy was Eulerian, using the vessel, "Côtes d'Aquitaine", anchored near the Pont de Normandie (49826 0 100 00 N, 00817 0 050 00 W) in the area of maximal density of E. affinis (Mouny and Dauvin, 2002) . Sampling covered four full tidal cycles corresponding to 50 h with a high sampling frequency (one sample every 15 min for a total of 494 samples) to determine the effects of ebbflood on copepod distribution. Although restricted over the spatial scale, this high frequency Eulerian sampling allows changes to be tracked in the structure of the E. affinis populations related to ebb-flood dynamics. Sampling was performed during neap-tides with a tidal coefficient between 70 and 80. The Spring tide condition was not investigated because the sampling at a fixed point when tidal coefficients are .100 is not allowed in the estuary. The average daily discharge measured at the Poses dam from 10 to 18 May was 550 m 3 s
21
.
Zooplankton sampling
Zooplankton was sampled using a 5 L Niskin bottle. The Niskin bottle was attached to the frame housing the CTD (Seabird SBE 25 CTD). Sampling frequency was fixed at every 15 min at two positions in the water column, 1 m below the surface and 1 m above the bottom. Samples were immediately filtered through a small 40 mm net, concentrated into a 500 mL container and fixed with 5% neutral formaldehyde solution. In the laboratory, the complete samples were counted under a dissecting microscope. All developmental stages were counted, including nauplii, which play a key role in food webs (Kimmerer et al., 1998; Merrell and Stoecker, 1998; Makino and Ban, 2000) , differentiating males from females in the C5 to adult stages, and also differentiating ovigerous from non-ovigerous females. For the sake of simplicity, we aggregated developmental stages in three different groups according to their similarity in temporal variation during the tidal cycle using correlation level (P ¼ 0.001). Groups of stages were aggregated as follows: nauplii (N1-N6), copepodids (C1 -C4) and pre-adults with adults (C5 -adults). Instead of using the standard 200 mm mesh WP2 net which under-samples the early life stages (width range of 80-150 mm, Katona, 1971) , we used the Niskin bottle and the 40 mm mesh to assess all developmental stages. As Niskin bottles may induce hydrodynamic disturbance close to their aperture, the use of such an approach to sample copepods could be criticized because of the potential under-sampling related to escape response possibility of later developmental stages (C5 and adults) against such hydrodynamic disturbance (Fields and Yen, 1997; Buskey et al., 2002) . The Niskin bottle, however, has proved to sample copepods efficiently, giving the same magnitude of abundance as that determined by an acoustically based methods in the Chesapeake Bay (Roman et al., 2001) . Moreover, the high frequency sampling used here (every 15 min) and the high number of samples collected (494) as well as the consistency of the counting protocol allows these samples to be compared among themselves.
Salinity and temperature at the sampling depths were obtained by averaging the data 10 cm above and under each depth (i.e. near surface and near bottom) from CTD profiles.
Current speed and direction were continuously recorded throughout the sampling period using a 1.2 MHz RD instrument Acoustic Doppler Current Profiler (ADCP). Here we report current speed averaged for 15 min around the time of copepod sampling. The ACDP profile was used to identify each tidal phase.
Data analysis
The main pattern of variability in the population structure during the tidal cycle was obtained from the average copepod density of the four successive tidal cycles. We computed mean densities of each ontogenetic group (N1-N6, C1 -C4 and C5 -adults) by pooling together samples corresponding to periods showing significant autocorrelation (P , 0.05).
The mean copepod density as a function of depth and tidal phase was obtained by calculating the medians of the copepod frequency distribution. This was calculated by the sum of sample abundances taken by ranges from 5000, 10 000 or 20 000 ind m 23 to have between 1 and 15 samples in each range and plotted by their cumulative frequency relatively to depth and tidal phase. The median of copepod density was calculated from Gamma fitting of copepod frequency distribution as a function of tidal phase and depth.
We also computed relative abundance of ontogenetic groups, the sex-ratios and the ratios of ovigerous:nonovigerous females for each sample. The sex-ratio was calculated in two different ways, using only adult stages and also by considering C5-adult stages.
The salinity windows associated with maximal copepod density were identified for each group from the average copepod density over the tidal-scale. The distribution of mean density of copepods as a function of salinity was fitted by a Gaussian function using the curve fitting toolbox of the software MATLAB 6.5 (Mathworks, Inc.). Figure 2A shows the variation of the mean surface salinity (1 m depth) and bottom (1 m above) water salinity. The different phases of the tidal cycle, flood and ebb were identified from the ADCP records made near the bottom (Fig. 2B ) and were partitioned at the moment when the current reversed. Due to the asymmetry of the tidal wave, the ebb was always 2 h longer than the flood, which also results in current velocities being lower during the ebb ( Fig. 2B and C). The maximum velocity during the flood was reached 2 h after its beginning. In the bottom waters, the salinity fluctuated between 0.5 around low tide and 22.5 around high tide, while in surface water it reached only 17.5 at high tide. Maximum water depth was 11 m with 6 m of tidal amplitude. Many samples were taken with salinities either above or below the range for the occurrence of E. affinis (Table I ). The following results span the whole salinity range inhabited by the species. Figure 3 shows the variation in abundance of the total population of E. affinis, all developmental stages combined, as a function of the tidal cycle, in surface ( Fig. 3A ) and bottom waters (Fig. 3B) . Abundances recorded in bottom waters showed a significant periodicity pattern with a lag of 24-25 and 49-50 (P , 0.001) that corresponds to 6 and 12 h and can be associated with the tidal cycles. A remarkable feature was the low abundance of copepods at high tides (Fig. 3) . The total abundance closely follows the variation in absolute values of current speed (Fig. 3) . During flood tides, maximum abundances were observed mainly during periods of highest current speeds; this pattern was not observed during ebb tides in surface water. Low abundances were associated with low current speeds during both flood and ebb. The first peak of abundance during the first tidal cycle was particularly high near the bottom and at the surface compared to the other tidal cycles, reached 700 000 ind m 23 ( Fig. 3A and B) and was dominated by nauplii. As the 4 day/night transition occurs at almost the same period of the tidal cycle it was not possible to compare the same tidal phase under different light intensities, which prevents assessment of the possible influence of light on the vertical distribution of the copepods. Figure 4 shows contrasting changes in copepod abundance according the tidal cycle. During the ebb copepods were more abundant in bottom water, while the difference in copepod abundance between the surface and bottom waters was smaller during the flood (Table II) . In surface water, the copepod abundance was higher during the flood than during the ebb, whereas in bottom water the copepod abundance was higher during the ebb. Superimposed on this pattern, their overall abundance was greater in bottom waters (Table II) . The Gamma function fitted surface abundance distribution better than bottom abundance distribution.
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Variation in population abundance
Variation in the population structure Table III displays the relative abundance of developmental stages as a function of the tidal phase and position in the water column. In bottom waters, slight differences were observed in the percentages of developmental stages between the ebb and flood tides. Naupliar stages were the most abundant, comprising on average 60% of the total population. In contrast, copepodid stages and adults each contributed on average only 10% of the population. The relative density of copepodid and adult stages in surface waters was greater during the ebb than during the flood, whereas the nauplii were relatively more abundant during flood than during ebb (Table III) . Figure 5A and B shows the mean variation in the proportions of the developmental stages of E. affinis. In bottom waters, the structure of the population varied symmetrically between the ebb and the flood phases (Fig. 5B) . Pre-adults and adults (C5 -adults) were the most abundant at the beginning of the ebb and represented between 30 and 50% of the population. Their proportion decreased during the ebb in favour of the nauplii (N1 -N6) which represented more than 70% of Fig. 4 (a, the scale parameter; b, the shape parameter) and median, first and third quartiles (Q2, Q1 and Q3, respectively) calculated from the Gamma fitting and average of row data The error between the fitting and the real distribution is shown by the sum of squared residuals (SSE) and the percentage of variance explained by the gamma adjustment is the R 2 . the population at low tide. During the flood, the proportion of nauplii decreased in favour of adults (Fig. 5B) . The proportion of copepodid stages was less variable (Fig. 5A and B) . In surface waters, copepodid and adult stages were less abundant than nauplii during the flood, while nauplii were relatively less abundant at low tide and during the ebb ( Fig. 5A and B) . Developmental stages showed different distributions as a function of the salinities and the temperatures encountered during the tidal cycle (Fig. 6 ). Temperature and salinity varied according to inflow and outflow water mass exchanges (R 2 ¼ 0.89, P , 0.001 for bottom water and R 2 ¼ 0.65, P , 0.001 in surface water). During our sampling, high temperatures were associated with low salinities from continental water and low temperatures with high salinities from marine water. In bottom waters, nauplii were concentrated in low salinities, under 7, and early copepodids in a wider range of salinity, between 1 and 15 with highest concentrations around 5. Late developmental stages (C5 -adults) were distributed over almost the entire range of salinity, between 1 and 20 (Fig. 6) . In surface waters, nauplii were distributed in almost the same range of salinity as in bottom waters, whereas copepodids and adults were distributed over a lower range, at lower salinities, compared to bottom water (Fig. 6) . The distribution of mean abundance of each developmental group as a function of salinity range was fitted well by the Gaussian function (Fig. 7) . Maximum abundances of nauplii occurred in the ranges of salinity 0.5 -2.5 23 ) as a function of temperature and salinity in surface and bottom waters for every group of stages, nauplii stages (N1-N6), copepodid stages (C1 -C4) and pre-adults and adults (C5 -adults). Black bubbles represent abundance during ebb and grey bubbles during flood. The size of the bubbles is proportional to the abundance of copepods. Arrows show the maximum abundance zone, where 80% of each group of developmental stages are concentrated. near the bottom (Fig. 7) . The abundance of nauplii decreased continuously with salinity increase (Fig. 7) . The abundance of copepodid stages increased from salinity 0.5 to a maximum between 5 and 7.5 and decreased progressively above 7.5 (Fig. 7) . The abundance of C5 and adult stages was distributed over a higher range of salinity, between 2.5 and 20 (Fig. 7) . The pattern of variation of naupliar stages in surface waters was almost the same as that near the bottom (Fig. 7) . In surface waters, however, abundance variation was very different for copepodid and adult stages compared to that near the bottom (Fig. 7) . The density of copepodids and adults increased strongly with salinity from values of 0.5 -5, but decreased sharply above salinity 7.5.
Sex-ratio and the ratio of ovigerous:non-ovigerous females
The overall sex-ratio (females:males) of E. affinis in the Seine estuary was in favour of males (Fig. 8A) . The mean sex-ratio was 0.65 in bottom waters and 0.5 in surface waters. The variation of the mean sex-ratio during the tidal cycle was similar between surface and bottom waters. Males were three times as numerous as females with an increase in the ratio of females around high and low tide. In bottom water at low tide, females were twice as numerous as males. A rough pattern of variation was obtained when C5 copepodids were taken into account and the average sex-ratio including C5 stages was equal to 0.82 near the bottom and 0.55 near the surface. Ovigerous females were more abundant than nonovigerous females with a mean ratio equal to 1.85 near the bottom and 1.3 (and 1 without the high value at 9:00 GTMþ1) near the surface (Fig. 8B) . Similar to the results for the sex-ratio, the distribution of ovigerous and non-ovigerous females is influenced by both the tidal cycle and position in the water column. In bottom waters, ovigerous females were clearly predominant but the ratio became more balanced around low tide. In surface waters, non-ovigerous females were relatively more numerous than near the bottom.
D I S C U S S I O N
The approach we have used has enabled us to show considerable changes in the population structure at the scale of the tidal cycle. This population structure varies according to hydrodynamically important properties, including salinity, temperature and water velocity, and major differences occurred between bottom and surface waters.
Rapid variations in estuarine environmental factors (e.g. salinity and temperature) and biological parameters (e.g. zooplankton abundance) require a sampling frequency high enough to capture patterns of variation within the tidal scale. We have shown that the use of the 5 L Niskin bottle at high frequency is a suitable strategy to describe the fine structure of the E. affinis population in the turbid and highly hydrodynamic Seine estuary.
Effects of tidal cycle on the ontogenetic spatial distribution of E. affinis Eurytemora affinis has been described as an epi-benthic species by Sibert (Sibert, 1981) in the Nanaimo estuary with the capacity for active vertical migration. Accordingly, we found higher densities in bottom waters. Roman et al. (Roman et al., 2001 ) and Lloyd (Lloyd, 2006) in the Chesapeake Bay suggested that such spatial localization may be a strategy developed by the species to avoid outward advection by surface currents. The time pattern of the population structure we observed in the bottom water is remarkably symmetrical between the ebb and flood phases of the tide. In the surface layer, copepodid and adult stages remained in water with a low current speed during ebb tide. This pattern suggested that the population retention mechanisms acting through changes in vertical distribution operate at the beginning of the flood tide, when current speed is relatively low, as suggested by Hough and Naylor (Hough and Naylor, 1992) in the Conwy estuary. This is consistent with the swimming behaviour of E. affinis that allows the population to better maintain its position in turbulent water compared to other calanoid copepods (Woodson, 2005) . In the Chesapeake Bay, Roman et al. (Roman et al., 2001 ) observed a similar re-suspension of the E. affinis population during the maximum current velocity that occurs at full ebb and flood tides. However, they also proposed that the maintenance of the E. affinis population in the maximum turbidity zone of the Chesapeake Bay could be the result solely of passive re-suspension and sedimentation during tidal cycles. Conversely, in the Colombia River estuary, Morgan et al. (Morgan et al., 1997) hypothesized that the variation in abundance of adults and copepodids during the tidal cycle is the result of retention-adapted migration behaviour. It is mechanistically plausible that the decrease in water velocity allows adults and late copepodid stages to reach bottom waters during the ebb and immediately after the full flood tide. Similarly, we suggest that as current speed increases, the pattern of the vertical structure of the population strongly changes as a consequence of flushing by horizontal currents. Variation in vertical dispersion may lead to avoidance of the surface water during the flood by swimming into deeper water moving faster upstream. In Fig. 9 , we provide a conceptual model of the mechanisms developed by E. affinis to maintain the majority of the population within favourable salinity ranges in the Seine estuary, and thus avoid flushing out by estuarine currents.
The distribution of adults and copepodids differs from that of nauplii. Nauplii were concentrated in bottom waters at salinities below five in the maximum turbidity zone although they are known to tolerate a range of salinity between 5 and 20 (Devreker et al., 2004) . In contrast, copepodids and adults were widely distributed among salinities (salinities 5 -20) which suggest a more extensive and diverse habitat. Therefore, possible causes of differential distribution of developmental stages seem to be more related to hydrodynamics and maintenance strategy rather than strictly inherent tolerance capacities. Nauplii seem to be aggregated in low salinity by hydrodynamics as passive particles in the maximum turbidity zone (Le Hir et al., 2001) . In contrast, adults were able to colonize a wider habitat, in the range of salinity tolerance (5 -20) . This is suggested by the very few individuals of E. affinis, all stages taken together, observed in salinity above 20 (only some adults), highlighting their distribution limit in the Seine estuary. This is also supported by the rarity of E. affinis adults at salinities above 20 in zooplankton samples collected at the surface through a transect downstream -upstream of our fixed position using a WP2 net (200 mm mesh size) (data not shown here). These results contrast with the interpretations of Burkill and Kendall (Burkill and Kendall, 1982) who suggested that in the Bristol channel, the E. affinis population seem to be regularly flushed out of the estuary in salinities .30 but could grow sufficiently to maintain the population; predation and food becoming the major limiting factor rather than salinity. Our interpretation is that in the Seine estuary such salinity ranges could be even more limiting for E. affinis, as suggested by empirical observations that showed high mortality of the species at salinity greater or equal to 25 (Devreker et al., 2004 and a lower reproductive rate (Devreker et al., submitted) . The same experiments showed that population fitness increases under a median salinity of 15 submitted) , corresponding to the optimal salinity in the field.
Temperature (i.e. salinity) variations were highly correlated to hydrodynamics (R 2 ¼ 0.95, P , 0.001), resulting in a warmer (and less saline) distribution of nauplii compared to copepodids and adults. The temperature experienced by the entire population during our sampling shows relatively low changes and appears not to be limiting for reproduction and for development rate (Devreker et al., 2004 . Sampling during warmer months will better improve our knowledge of the effect of temperature on population fitness. Therefore, at the scale of the tidal cycle, salinity appears as the main stress factor. However, at a larger temporal scale (i.e. seasonal scale), variations of temperature are known to affect the egg production rate of E. affinis (Ban, 1994; Devreker et al., submitted) , as well as population dynamics. The spatial distribution of E. affinis populations, and of the zooplankton community in general, can be affected by other factors (i.e. tidal intensity and river discharges) occurring at both seasonal and inter-annual scales (Kimmel et al., 2006) . The combined effects of these factors occurring at multiple scales need to be fully understood to assess accurately the population fitness of E. affinis and consequently its production over the annual cycle. This study emphasizes that the small temporal (i.e. tidal cycle) and spatial (i.e. vertical distribution) [18] [19] [20] [21] [22] [23] [24] [25] . The population abundance increase during the ebb with low constant resuspension and hypothetical migration of adults (oval) and copepodids (square) that dominate the population from the poly-to mesohaline zone in surface and bottom water. In the oligohaline zone around the low slack, when current velocity is low, nauplii dominate the population. At the beginning of the flood when current velocity is maximal, the population is re-suspended, adults and copepodids start to migrate (according to the hypothesis of Morgan et al., 1997 and Schmitt et al., unpublished data) to the bottom water while the current is decreasing.
scales should be targeted in order to adequately sample and most usefully study the population dynamic of estuarine copepods.
Males and females dynamics
Our results show that the relative densities of males and females are almost the same during the ebb tide as during the flood. The overall sex-ratio is markedly in favour of males even when the C5 stage is taken into account, and similar ratios have been observed in other estuaries (Castel, 1995; Sautour and Castel, 1995) . The sex-ratio in diploid populations plays a key role for population dynamics by determining gene mixing levels (Milchtaich, 1992) and reproductive strategy. In eggbearing copepod species, ovigerous females are the most susceptible to fish predation, because they are more conspicuous and have a reduced escape ability compare to males and non-ovigerous females (Svensson, 1992) . In the St Lawrence estuary salt marshes (Québec), Castonguay and Fitzgerald (Castonguay and Fitzgerald, 1990) excluded the possibility that the biased sex-ratio results from selective predation on females. In support of this, we found a sex-ratio different from unity in laboratory-reared copepods without predators . Although some studies have suggested that temperature seems to be a factor that affects the sex-ratio of calanoid copepods in the laboratory (Katona, 1970; Lee et al., 2003b; Devreker et al., 2007) , the causes of such unbalanced sex-ratios remain unclear and remain a matter of debate. If the unbalanced sex-ratio remains for long periods in the Seine estuary, then it may have further implications for the reproduction of the species. For instance, a higher proportion of males may increase the probability of encountering a female, even though high water velocity, strong turbulence and the presence of organic contaminants (Cailleaud et al. 2007a,b) could reduce detection by males of pheromones tracks produced by females (Katona, 1973; Doall et al., 1998) . Females are often observed in the field with more than one spermatophore suggesting that copulation is effectively not limiting in the Seine estuary.
Depth maintenance trade-off
This work has shown considerable complexity in the population dynamics of the copepod E. affinis in the Seine estuary during tidal cycles at small temporal and vertical scales, as well as at horizontal spatial scales indicated by movement of water past the sampling point. Developmental stages show different preferences for salinity, and the population structure varies as a function of the tidal cycle, showing alternation in phase of dominance by the sexes and developmental stages. The overall higher copepod density in bottom water could be interpreted as a mechanism to avoid advection by the surface current over the salinity range tolerance.
In the Seine estuary, the problem of remaining near the bottom for ovigerous females, as for the entire population, is that most of their predators are preferentially suprabenthic ( principally Neomysis integer but also Palaemon longirostris and Pomatoschistus sp.) . Mysids are known to prey preferentially on cladocerans and copepods such as Acartia spp. when they are mixed rather than on E. affinis, because of the better avoidance capacities of the latter (Viitasalo and Rautio, 1998) . However, as E. affinis is by far the dominant species in the bottom layer of the Seine estuary (Mouny, 1998) , we suggest a higher predation pressure on it. The cost of predation loss could be balanced by the benefit of remaining in deep waters to avoid flushing out of the estuary. In fact, Vuorinen (Vuorinen, 1987) observed in the Archipelago Sea (Baltic Sea) that nocturnal vertical migration of ovigerous females, the most voluminous developmental stage, towards the surface is related to a trade-off between predation risk at the surface by visual predators during the day and poorer environmental conditions for development rate near the bottom (i.e. lower food quantity and lower temperature). Similar trade-offs can be suggested in the Seine estuary where Neomysis integer, the most abundant predator on E. affinis (Aaser et al., 1995; Fockedey and Mees, 1999; Winkler and Greve, 2004) , may have a preference for females when both adult males and females are present at the same concentration without any other developmental stages present as observed in preliminary experiments (Devreker et al., submitted) . However, we suggest that the reduction of the efficiency of visual predators related to the high turbidity in bottom water (Roman et al., 2001 ) results in a reduction in the cost for E. affinis to be concentrated in bottom waters.
The results of this study may serve as a guideline for future studies on the population dynamics of E. affinis. Further sampling is required during other seasons to have a thorough knowledge of the factors that control the population dynamics of this species that represents the most abundant copepod in the oligo-mesohaline areas of Northern Hemisphere estuaries, and therefore one of the main components in their food webs. 
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